The purpose of this study was to describe the morphology and measure the size of the sella turcica in Iraqi population and compared with available global data. Computed Tomography (CT) images of 71 individuals (49 males and 22 females) with an age range of 33.9 years were taken. Conventional measurements included three different heights of the sella turcica (anterior, posterior, median), its length, diameter and width, measured in relation to the Frankfort reference line (FH). In addition, the area of sella turcica was calculated. Morphometric methods were used to assess shape. Multiple statistical analyses were done to calculate differences in dimensions and to establish if any relationship exists between age, sex and the morphometry of the sella turcica. No significant differences in size of the sella were found between genders. When age was evaluated, all dimensions showed positive correlation with the age. Sella size of the older age group was as a rule larger than the younger age. The study found that sella turcica presented with a three different shapes: in a U shape (50.7 %), in a J shape (32.4 %) and shallow (16.9 %). Sella shape and dimensions reported in the current study can be used for discovering pathological enlargement of the pituitary fossa and may also be helpful in providing reference data in the orthodontic diagnosis, assessment and treatment plan and assessment of racial, gender and age specific variation in the Iraqi population.
Introduction
Sella turcica consists of a central pituitary fossa bounded anteriorly by tuberculum sellae and posteriorly by dorsum sellae.
It is located in the middle cranial fossa and lies on the intracranial surface of the body of the sphenoid bone and project over the pituitary fossa two anterior and two posterior clinoid processes. The anterior clinoid processes are formed by the medial and anterior prolongations of the lesser wing of the sphenoid bone, and the terminations of dorsum sellae are present in the form of posterior clinoid processes 1) .
Previous studies focus on size and morphology of sella turcica.
A normal anatomical variation of the sella turcica must be considered, as it may vary significantly in normal adult individuals 2) . Sella turcica acts as a significant reference point and important landmark can be seen on lateral cephalograms. It is obvious for metric analysis, which makes it an excellent source of information related to various syndromes that affect the craniofacial region and the identification of pathologies of pituitary gland. Knowledge of the normal radiological anatomy and variations in the morphometry of this area are helpful as a tool to evaluate the orthodontic treatment results, to study growth in an individual, and to recognize and further investigate a variety of pathological situations [3] [4] [5] .
The anatomy of the sella turcica is varies in size and shape, and has been classified into three types: round, oval and flat 6) .
According to previous studies, the normal range of the sella turcica varies between 11-16mm in length and 8-12mm in routine bilateral
x-ray film of skulls 7) . Bergland et al. studied the sella turcica in connection with 225 autopsies and found 6 percent with a sella turcica bridge by direct inspection. They classified the sella turcica into three segments; an anterior wall (the tuberculum sellae), the cephalogram, a technique that was first introduced by Hofrath, 1931 in Germany and Broadbent, 1931 in the United States [9] [10] .
This technique was widely accepted as a standard tool for orthodontic treatment planning for several decades. However, it has shown several disadvantages because of the geometric distortion and superimposition of structures on the radiographs.
Recently, three-dimensional (3D) imaging modalities such as CT and cone-beam computed tomography (CBCT) have played an important role in dentistry. CBCT requires relatively lower radiation doses than multi-slice CT, and has therefore become very popular for maxillofacial diagnosis and treatment planning. The orthodontists are able to visualize 3D images of craniofacial structures without involving the superimposition of anatomical structures [11] [12] . This modality has proven to be useful in several orthodontic applications, including 3D cephalometry.
3D cephalometry offers orthodontists the opportunity to identify cephalometric landmarks in three dimensions with the aid of 3D image viewing software 13, 14) . According to several studies, this technique has advantages over traditional twodimensional (2D) cephalometric analysis, especially on the accuracy of the measurements and the reproducibility of landmark identification 15) .
It is imperative to know the normal morphology of the sella turcica in order to determine if the sella region presents with any unusual appearance. Morphology may vary from individual to individual, and the establishment of normal standards will aid in the process of eliminating any abnormality in such an important region. Therefore, the purposes of our study are as follow:
1. To determine sex related morphological shape and size of the sella turcica in the Iraqi population.
2.
To determine age related morphological shape and size of the sella turcica in the Iraqi population.
3. To compare the morphological size of sella turcica of the present study with global data.
Materials and Methods

Subjects
A retrospective study of Iraqi subjects who had their CT scan at the Radiology Department, Hilla Hospital has been conducted.
Patients had their scans for reasons other than craniofacial surgeries. CT scans of 71 individuals (49 males and 22 females) with an age range of 1 -70 years were taken.
All participants provide their written informed consent (One of the parents, either father and/or mother gave written consent for the adolescent subjects). This study was approved by the Ethical Committee of the Hilla Hospital, which complies with the Declaration of Helsinki. The data were divided into two groups according to the subject's age: pre-pubertal (<15 years) and post pubertal (15 years or more). It has been accounted for that the morphology of sella turcica does not change impressively following 12 years of age 16) and females at roughly 15 years old have completed their pubertal development; sella turcica size in young adult males and females have been accounted for to be practically the same,, except during pregnancy 17) .
The selection criteria are as follows. The most inferior point on the lower rim of the orbit The CT resolution was at 1.25 mm thickness and 1.25mm spacing.
These scans were saved in a CT database at the Radiology Department of Hilla Hospital.
3D Reconstruction
CT scans were saved in Digital Imaging and Communications in Medicine (DICOM) format, then was transferred to a personal computer, and reconstructed with a 3D image-segmentation program, Mimics V17.0 software (Materialise N.V., Heverlee, Belgium). This software uses the existing axial view to create cross-sections in the sagittal and frontal views. The Hounsfield Unit (HU), which expresses the gray scale, was adjusted for each tissue in the CT system.
Measurements
3D image-segmentation using Mimics software program was used to carefully select seven points and seven parameters from the identified landmark points. Table 1 lists the landmarks used in this study and Fig. 1 showed the parameters defined using the above mentioned landmark points. A single operator did all the measurements. All linear and area measurements were repeated 3 times. After the first measurements were completed, the results were blinded to the observer before trying the second measurements. The same blinding was done when the observer measured for the third time. The blinding was done to minimize the examiner's bias. The average of three readings of each measurement was considered for the final statistical analysis in order to minimize the intra-examiner variation.
Statistical analyses
All data were analyzed using SPSS software 22.0 (IBM, Armonk, NY, USA). The normality of the data was evaluated with the skewness and kurtosis measurements. General descriptive statistics were calculated for each parameter. A Student's t -test was used to calculate the mean differences in sella turcica linear and area dimensions between males and females while the correlation between the sella turcica dimensions and age was investigated using Pearson's correlation coefficient, Statistical significance was set at p < 0.05.
Results
Size of the sella turcica
The linear and area dimensions of the sella turcica located in the mid sagittal plane area are presented in Fig. 1 . The average of three different heights of the sella turcica (anterior, posterior, median), its length, diameter and width, measured in relation to the FH. In addition, the area of sella turcica was calculated for both females and males are also shown in Fig. 1 . When comparing linear dimensions of sella turcica between genders as in Table 2 , no significant differences between females or males in all parameters could be found. Similarly, when linear and area dimensions were compared with age, there were no significant differences between the older and the younger age groups for all dimensions. It was noted that sella turcica in the older group was consistently larger than that in the younger age group as in Table   3 . Moreover, When our measurements were compared with those in other global data, differences in all parameters among various populations were observed Table 4 .
Shape of the sella turcica
In respect of its shape, the sella turcica was radiologically shown as three different shapes: in a U shape (50.7 %), when the dorsum and tubercle of the sella turcica are maintained at the same height; in a J shape (32.4 %), when the sella turcica tubercle is in a lower position in relation to the dorsum; and shallow (16.9 %), when the sella turcica depth is minimum as in Table 5 . This retrospective study describes the morphological appearance, linear dimensions and area of the sella turcica in Iraqi healthy subjects. Measurements of the sella turcica and examination of its morphology are vital for the evaluation of pathology in the pitutary gland. Numerous scientists have been accounted for the shape variety in the sella turcica 18) . Many studies were reported on shape and size variations in the sella turcica 19, 20) . Ruiz et al. 21) examined the CT scans of adults 18 -60 years of age and classified the sella turcica into a U shape, J shape, and flattened, or saucer shaped. According to the researches, it was concluded that most of the subjects had either a U or J-shaped sella. In our study, roughly most of the subjects seemed to have a typical molded sella turcica, while 32.4 % gave distinctive aberrations. This is in concurrence with the data of Axelsson et al. 22) No significant gender differences were found in determining the differences between males and females in terms of sella turcica size in the present study. Similar findings were reported by Alkofide (2007) 18) who concluded that sella turcica size in young adult males and females were almost the same, although he noted that sella turcica size may increase in males with age. In that study, radiographs of 320 individuals, 1 month to 18 years of age, the mean sella area was calculated (length and depth). The findings revealed that the pituitary fossa of males tended to be larger than that of females from about 1-13 years of age 18) . Females begins pubertal growth 2 years earlier than males, results in a significant change in pituitary fossa size in females from 11 to 15 years of age. Then, the late growth acceleration in males, which is usually 2 -3 years later than that in females, results in an approximate equalization in sella area in both genders Females begins pubertal growth 2 years earlier than males, results in a significant change in pituitary fossa size in females from 11 to 15 years of age. In contrast, Haas (1954) 23) compared the mean size in square millimetres of the sella area of boys and girls aged 3 -17 years and found some differences due to gender. He reported that the sella turcica of boys was greater than girls, but after 17 years of age, the sella of females were slightly larger than that of males 23) .
Discussion
Study done by Tejavathi et al. 2015 to assess the linear dimensions of sella turcica in different age groups. The patients were grouped into five different categories, <10 years, 10-15 years, 15-20 years, 20-25 years, 25 30 years. There was difference in the linear measurements of depth, and anteroposterior diameter in each age group which increased as age increased and the difference was statistically significant with P < 0.05. Choi et al. also reported that lin-ear dimensions of sella turcica had positive inclination with the age 24) .
Based on the results of this study, gender differences were statistically insignificant for all linear and area measurements of sella turcica. There is a gradual increase in the size of sella turcica as age advances. The sella shape and size may be used as reference standards for Iraqi subjects when studying sella turcica morphology.
